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t: 


•  PostmoftMi  change*  war*  atiidM  by 
acanning  atadron  micraacopy  (SEM)  hi 
ranal  Uaau*  from  A**  spada*  of  animals. 
Spacimana  war*  coHadad  al  Interval*  up 
to  24  hours  aflar  death.  Six  distinct  mor¬ 
phological  allaralions  war*  ManUtlad  In 
Ih*  ranal  gtomarulus.  Including  capillary 
loop  constriction,  changa*  In  microvillus 
morphologic  toaturas,  podocyl*  aurlac* 
blab*,  awaiting  or  lusion  ol  padicals. 
podocyto  orosion,  and  retraction  or  toss 
at  padicals.  GMomorular  six*  ramainod 
nearly  constant  In  an  Hv*  spacia*.  Th* 
resullB  ot  lhas*  shidtas  damonatrato  that 
pathologic  avahiallon  by  SEM  of  tissuo 
spacimans  from  Ih*  kidnoy  Is  accaptabi* 
up  to  60  minulas  post  moitom. 

(4/eft  Palftof  loft  Mod  1901;105:482- 

««0) 


The  morphologic  characteristics  of 
cellular  autolysis  have  been  well 
documented  by  transmission  electron 
microscopy  (TEM).'  *  There  is  little 
information,  however,  on  autolytic 
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architectural  changes  in  specimens 
viewed  by  scanning  electron  micros¬ 
copy  (SEM).  In  one  study,  our  insti¬ 
tute  examined  glomeruli  by  SEM  in 
human  postmortem  renal  specimens 
for  changes  associated  with  acute  re¬ 
nal  failure.’  To  distinguish  lesions  of 
the  glomerulus  from  autolytic  post¬ 
mortem  changes,  a  concurrent  study 
was  conducted  using  animal  tissue 
collected  under  conditions  that  simu¬ 
lated  those  under  which  postmortem 
human  specimens  are  collected.  This 
study  was  conducted  to  determine  the 
sequential  autolytic  changes  during  a 
24-hour  period,  and  to  establish  the 
time  limit  during  which  postmortem 
specimens  would  be  acceptable  for 
examination  by  SEM. 

MATERIALS  AND  METHODS 

Five  species  of  animals  were  used  in  this 
study:  flve  common  laboratory  rabbits 
(OryettAaguK  euitirulm/,  three  mixed- 
breed  goats,  five  Sprague-Dawley  rats, 
five  Swiss  ICR  mice,  and  three  mongrel 
dogs. 

The  animals  were  killed  using  minimum 
lethal  doses  of  pentobarbital  sodium,  and 
kidney  specimens  were  taken  0, 15,  30, 60, 
and  90  minutes  and  2,  3,  4,  and  24  hours 
after  death.  The  corpses  were  kept  at  room 
temperature  for  the  first  four  hours  after 
death,  then  were  refrigerated  at  4  to  6  °C 
until  the  24-hour  specimen  was  taken. 


All  specimens  were  fixed  for  SEM  in 
2.5%  glutaraldehyde  in  0.1M  caoodylate 
sodium  buffer  solution  at  a  pH  of  7.3  and  at 
4  “C  for  24  hours.  Fixed  specimens  were 
washed  overnight  in  buffer,  dehydrated  in 
graded  ethyl  alcohol-water  solutions  to 
absolute  ethyl  alcohol,  then  through  graded 
ethyl  alcohol-trieblorotrifluoroethane 
(Freon  113)  solutions  to  absolute  trichloro- 
trifluorethane.  The  specimens  were  dried 
by  the  critical-point  method,  using  mono- 
chlorotrifluoromethane  (Freon  13).  Dried 
specimens  were  coated  srith  gold-palla¬ 
dium  and  examined  at  either  10  or  20  kV. 

Elach  specimen  was  examined  for  mor¬ 
phological  changes  by  SEM  and  compared 
with  the  zero-minute  specimens.  All  glo¬ 
meruli  in  each  specimen  were  examined  to 
determine  both  the  type  and  extent  of 
morphological  alterations.  The  number  of 
glomeruli  ranged  from  as  few  as  seven  to 
as  many  as  36.  These  alterations  were 
judged  by  the  following  criteria:  (1)  severi¬ 
ty  of  change,  and  (2)  distribution  (ie,  focal 
or  diffuse).  The  observed  changes  were 
considered  focal  if  they  were  present  only 
in  segments  of  a  glomerulus,  and  if  not  all 
glomeruli  in  the  specimen  were  affected. 
The  alterations  were  considered  diffuse  if 
they  were  found  over  the  entire  glomeru¬ 
lus,  and  if  nearly  all  glomeruli  in  the 
specimen  showed  the  same  change. 

RESULTS 

The  morphological  observations  are 
given  in  Table  1.  Comparing  the  post¬ 
mortem  specimens  with  Uie  aero-min- 
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Table  1.— Observed  Glomerular  Changes* 

Time 

Alter 

Death 

Constriction 
or  Capillary 
Lo^ 

Mlerovlllut 

Morphology 

Podocyta 

Surfaet 

Blebs 

Swotting  or 
Fusion  of 
Padleols 

Podocylo 

Erosion 

Ratraction 
or  Loss  ot 
i*voicei8 

15  min 

Dog.  goat,  mouse, 
rabbit,  rat:  1  + 
to  2  +  ,  D 

Dog,  goat,  mouse, 
rabbit,  rat:  1  -f  ,  0 

Dog,  goat,  mouse, 
rabbit,  rat:  1  + 
to2+,F 

Mouse:  1  -f  ,  F 

30  min 

Same  change 

Same  change 

Same  change 

Goat,  mouse:  1  +  ,  F 

Rabbit:  1  +  .  F 

60  min 

Same  change 

Same  change 

Same  change 

Goat:  2  +  .  F; 
mouse;  1  'f  .  F 

Rabbit:  t  +  ,  F 

90  min 

Same  change 

Same  change 

Same  change 

Dog:  1  +  ,  F;  goat: 

2+ ,  F;  mouse: 

1  + .  F;  rabbit; 

2  +  .  F;  rat:  2+  F 

Dog:  t  +  ,  F;  goat: 

1  +  ,  F;  mouse: 

2  + .  F;  rabbit: 

1  + .  F,  rat:  1  +  ,  F 

Rat:  1  +  .  F 

2  hr 

Same  change 

Same  change 

Same  change 

Dog:  t  +  F;  goat: 

2  + ,  F;  mouse. 

1  +  ,  F;  rabbit: 

2  +  .  D;  rat:  2  +  .  F 

Dog:  1  + ,  F;  goat; 

1  + ,  F;  mouse; 

2  + ,  F;  rabbit: 

1  +  ,  F;  rat;  t  +  ,  F 

Goal;  1  + ,  F;  rab¬ 
bit;  1  + .  F;  rat: 

1  +,  F 

3  hr 

Same  change 

Same  change 

Same  change 

Dog:  2  +  .  D;  goat: 

2  -t- .  D;  mouse: 

1  + .  F;  rabbit: 

2  + ,  D:  rat;  2  + .  F 

Dog:  1  -t- .  F;  goat: 

1  + ,  F;  mouse: 

S-f ,  F;  rabbit: 

2  +  ,  F,  rat.  2  +  ,  F 

Goat;  1  +  .  F; 
mouse:  2  +  .  F; 
rabbit:  1  + ,  F; 
rat;  1  + ,  F 

4  hr 

Same  change 

Same  change 

Same  change 

Dog:  2  -t- .  D;  goat: 

3  -f  ,  D;  mouse: 

1  +  .  F;  rabbit: 

2  +  .  D;  rat:  2  +  .  F 

Dog:  1  -t- ,  F;  goat: 

1  + ,  F;  mouse: 

3  + .  F;  rabbit: 
2+,F;rat;2  +  ,F 

Goat:  1  +  .  F; 
mouse;  3  +  .  F; 
rabbit:  1  +  ,  F; 
rat;  2  + ,  F 

24  hr 

Same  change 

Same  change 

Same  change 

Dog.  3  +  .D;  goat: 

3  -f .  D:  mouse; 

2  + .  F;  rabbit: 

2  +  ,  D;  rat;  2  +  .  D 

Dog:  2  -f ,  D;  goat: 

1  + .  0;  mouse: 

3  +  .  F;  rabbit: 

2  +  .  D:  rat;  2  +  .  F 

Goat:  2  +  ,  D; 
mouse:  4  +  ,  D; 
rabbit:  2  +  .F: 
rat:  4  +  ,  D 

*1  -f  indicales  minimal;  2  +  ,  mild;  3  +  ,  moderate;  4  +  .  severe;  D.  diffuse;  and  F.  local. 


Fig  1  .—Mouse  glomerulus  taken  zero  minutes  post  mortem.  It  is 
typical  ot  all  control  samples  in  this  study.  Note  normal  capillary 
loops,  with  well-defined  interdigitating  pedicels  ( x  3,000). 
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Fig  2.— Capillary  constriction  characterized  by  narrowing  of  loops 
producing  ridge-like  appearance  in  specimen  from  dog  15  min¬ 
utes  post  mortem  ( x  3,000). 
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Fig  3.— Rat  glomerulus  30  minutes  post  mortem  shows  rounding  Fig  4.— Podocyte  surface  blebs  from  rabbit  30  minutes  post 

and  shortening  of  podocyte  surface  microvilli  (arrows)  mortem.  Blebs  vary  in  size  and  shape  ( x  3,000). 

( X  3,000). 


Fig  5.— Left,  Specimen  taken  30  minutes  post  mortem  from  goal  shows  early  podocyte  swelling  ( x  3,000).  Right, 
Specimen  24-hours  post  mortem  from  dog  shows  more  severe  swelling  and  fusion  of  pedicels  ( x  3,000). 
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Fig  6.— Rabbit  giotneruius  three  hours  post  mortem  shows  areas 
of  podocyte  erosion  (arrows)  exposing  intraceiiular  contents 
(x  3,000). 


Fig  7.— Left,  Mouse  glomerulus  from  90-minute  postmortem  spec¬ 
imen.  Arrows  show  areas  of  early  loss  of  pedicels  exposing 
basement  membrane  ( x  3,000).  Right,  Rat  glomerulus  24  hours 
post  mortem  shows  severe  loss  of  pedicels  exposing  large  areas 
of  basement  membrane.  Only  tew  remaining  p^icels  are  seen  in 
upper  edge  of  micrograph  ( x  3,000). 


ute  control  specimens  (Fig  1),  six  dis¬ 
tinct  morphological  glomerular 
changes  were  observed  by  SEM.  Since 
there  was  no  distinguishable  differ¬ 
ence  in  the  appearance  of  the  morpho¬ 
logical  changes  among  the  five  species 
of  animals,  the  figures  are  representa¬ 
tive  of  the  alteration,  not  of  the  spe¬ 
cies.  The  significant  morphologic 
changes  were  (1)  constriction  of  capil¬ 
lary  loops  (Pig  2),  (2)  changes  in 
microvillus  morphologic  features  that 
usually  appeared  as  rounding  or  blunt¬ 
ing  of  the  microvilli  (Fig  3),  (3)  blcl>s 
on  the  .surface  of  podocytes  that  were 
of  variable  size  and  shape  (Fig  4),  (4) 
swelling  or  fusion  of  pedicels  (Fig  5), 
(5)  surface  erosion  of  podocytes  that 
exposed  intracellular  contents  (Fig  6), 
and  (6)  retraction,  fragmentation,  or 
loss  of  pedicels  that  exposed  basement 
membrane  (Fig  7). 

The  first  three  changes  appeared  as 
early  as  15  minutes  post  mortem  in  all 
five  species  in  a  slight  to  mild  degree, 
and  remained  nearly  constant  in  dis¬ 
tribution  and  severity  throughout  the 
24-hour  period.  The  last  three  changes 
were  variable,  appearing  at  different 
‘imes  in  different  species  and  with 
random  distribution  and  severity. 
Only  one  change,  retraction  or  loss  of 
pedicels,  was  present  in  four  species 
but  was  not  seen  in  dogs.  Of  the  three 
changes  that  became  progressively 
severe  with  increased  time  post  mor¬ 
tem,  swelling  or  fusion  of  the  pedicels 
was  the  most  prominent  in  all  five 
species.  As  is  evident  in  the  results 
given  in  Table  1,  no  significant  differ¬ 


ence  or  pattern  of  morphological 
change  was  found  among  the  five 
species  of  animals,  except  as  noted  in 
dogs,  where  no  loss  of  pedicels  was 
found. 

All  glomeruli  were  measured  in 
each  specimen  collected  at  zero-min¬ 
ute  and  at  24  hours  to  determine  if 
any  shrinkage  or  swelling  occurred. 
Table  2  gives  the  results  of  each  spe¬ 
cies.  The  number  of  glomeruli  mea¬ 
sured  ranged  from  nine  to  28,  with  an 
average  of  17.  None  of  the  animal 
groups  showed  significant  change  in 
glomerular  size. 

COMMENT 

The  present  study  was  undertaken 
to  establish  a  norm  for  the  evaluation 
by  SEM  of  pathological  lesions  in 
human  renal  postmortem  specimens. 
A  number  of  architectural  changes 
were  seen  in  our  human  specimens,’ 
but  no  studies  are  available  to  estab¬ 
lish  criteria  for  classifying  these 
changes  as  pathological  or  autolytic 
artifacts.  The  use  of  five  species  of 
animals  enabled  us  to  determine  that 
the  observed  autolytic  changes  were 
probably  universal  in  the  mammalian 
kidney.  Simulating  conditions  used  in 
obtaining  human  postmortem  tissue 
specimens  provided  observations  that 
I  and  my  colleagues  believe  accurately 
mimicked  the  clinical  situation.  The 
results  derived  from  these  two  facets 
of  the  study  provided  a  reasonable 
guideline  for  evaluating  the  architec¬ 
tural  changes  seen  in  our  human 
patients. 


traction  or  loss  of  pedicels,  an 
architectural  change  observed  in  hu¬ 
mans  with  glomerulonephritis,"  was 
not  seen  in  any  of  the  animals  studied 
until  after  the  60-minute  biopsy. 

Constriction  of  capillary  loops, 
change  in  microvillus  morphologic 
features,  and  the  presence  of  blebs  on 
the  surface  of  podocytes  appeared  15 
minutes  post  mortem  and  remained 
fairly  constant  in  both  severity  and 
distribution  throughout  the  study. 
These  changes  probably  represent 
immediate  morphological  responses  to 
capillary  flow  stasis.  On  the  other 
hand,  swelling  or  fusion  of  pedicels, 
podocyte  erosion,  and  retraction  or 
loss  of  pedicels  probably  represent 
true  autolytic  architectural  changes, 
as  all  increased  in  frequency  and  sev¬ 
erity  as  postmortem  time  increased. 

Postmortem  autolytic  changes  do 
not  seem  to  be  as  dramatic  in  the 
architecture  of  the  renal  glomerulus 
when  viewed  by  SEM  as  do  the  ultra- 
structural  changes  observed  in  TBM 
specimens.  Indeed,  some  glomeruli  in 
the  24-hour  specimens  appeared  nor¬ 
mal.  Table  2  indicates  no  significant 
change  in  glomerular  size  up  to  24 
hours.  Based  on  the  morphological 
observations  shown  in  Table  1,  it 
seems  that  postmortem  renal  speci¬ 
mens  obtained  within  one  hour  after 
death  are  suitable  for  pathological 
evaluation  by  SEM. 

SP6  Peter  A.  Donsneo,  USA,  provided  techni- 
od  imiaUiiee;  Maria  Chapa  prepared  the  manu¬ 
script. 
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